Abstract
Introduction
Transporting video over the Internet is one of the most popular components of the numerous multimedia applications. In the beginning, the Internet was designed only for data communications and meeting the requirements of video delivery requires significant challenges. The Internet is now available wirelessly and multimedia applications over wireless are possible wherever there is a Wireless Local Area Network (WLAN). One of the most popular standards used for wireless connectivity is IEEE 802.11b. Unfortunately, there are other technologies operating in the same unlicensed band which results in co-channel interference. Apart from the interference due to these technologies, there is also considerable amount of fading in the signal due to obstructions and human shadowing, blocking the signal between the transmitter and receiver. 802.11b operates in the 2.4 to 2.4835 GHz ISM band in which it has a channel bandwidth of 22 MHz, and therefore has a possibility of three channels in the unlicensed frequency band. It provides a raw data rate of 11 Mbps with a throughput of about 4 to 5 Mbps. It uses direct sequence spread spectrum (DSSS) technology [7] .
One of the wireless standards popularly in use is Bluetooth TM . Bluetooth employs RF technology in the same 2.4 GHz ISM band as 802.11b and it has a channel bandwidth of 1 MHz. It uses Frequency Hopping Spread Spectrum (FHSS) technology at a rate of 1600 hops/s with a slot period of 625 µs and hops over 79 MHz of bandwidth [1] . Most of the Bluetooth devices transmit at a power level of about 1 mW with a raw data rate of 1 Mbps. The link range of Bluetooth is normally tens of metres which could be extended to a hundred metres by increasing the transmit power of the Bluetooth device.
Video streaming refers to real-time transmission of video which means the audio and video signals must be sent or received continuously. Streaming live video over a wireless channel causes a great deal of degradation in the video quality due to the fluctuations of wireless channel conditions. Compared to a wired network, it is challenging to obtain quality real-time video over a wireless network. Some of the basic problems are that several wireless technologies share the same channel so the throughput of the wireless channel experiences co-channel interference, multipath fading, i.e. both large-scale fading and small-scale fading, fading due to human shadowing or other obstructions and noise disturbances. Also, the distance between the access point and the mobile points are variable and this causes fluctuations in the capacity of a wireless channel.
There are many studies showing adverse health effects caused by exposure to electromagnetic fields (EMFs), radio frequency (RF) and microwave radiation. Therefore, countries adhere to limits of exposure of humans to RF signals, governed by the statutes of that particular country. In Canada, these limits are described in Safety Code 6 [5] which specifies the requirements for the safe use of radiation emitting devices.
2 System Set-up and Implementation 
Propagation Environment

Measurement Network
The block diagram of the basic experimental set-up required for the measurement is shown in Figure 2 .
A 3 Link Performance of 802.11b
Video Streaming Range
The measurement network was set up to study the link performance of 802.11b in Location 3 as shown in Figure 3 . Location 3 is a 3 m wide and 17.4 m long corridor near AP1 through a narrow 2 m, half flight of stairs, which is located in between the Head Rest and the old engineering building in Head Hall. The measurement environment has access to only one access point, AP1 and besides having weak radio signal coverage, the hallway acts as a waveguide for the radio signal, which proves to be advantageous for the experimental measurements. The measurement environment had weak signal strength where there was an in- teresting observation at the MT. It was observed that there were certain points in the measurement environment with varying ranges of live video streaming and connectivity to the Wi-Fi. These ranges which were observed in the measurement environment without any human traffic or Bluetooth interference are:
This range is identified as a location in the measurement environment in which the MT cannot get connected to the UNB wireless network.
Wi-Fi Capture Range (WCR):
This range is identified as a point in the measurement environment where the MT is able to connect to the UNB wireless network and is able to remain connected but is not able to stream live video.
Video Lock Range (VLR):
This range is identified as a point in the measurement environment where the MT is not able to stream live video after reconnecting to Wi-Fi at this point but is able to maintain the streaming of live video continued from a previous point.
Video Capture Range (VCR):
This range is identified as a point in the measurement environment where the MT is able to establish and maintain a connection to Wi-Fi, thereby making continuous live video streaming possible.
The ranges for Location 3 were observed at points as given in Table 1 .
Effect of Distance and Human Traffic
The experiment was conducted in the same environment, i.e. Location 3 as shown in Figure 3 . The measurement was done in the presence of human traffic so as to study the effect of human traffic at various points defined in Fig S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 In the figure, the clock jumps are shown within a set of sixty seconds, S1, S2, .... , S15, i.e. S1 represents a time interval of 1-60 s, S2 represents 61-120 s, and so on. P9 is one of the points where the video quality is affected by human shadowing. We can clearly observe from Figure 4 that the signal strength is weak as there is a clock jump throughout the video streaming even when there is no human traffic. P9 has more continuous jumps, i.e. more than one jump in a sixty second set, e.g. the set S13 representing the time interval 720-780 s with no human traffic has three clock jumps of 2 s, 1 s and 2 s. From Figure 5 , we can get a clearer observation that the average clock jump at P10 is higher than P9 by 1.5 s. The medians at P9 and P10 are 2 s and 4 s, respectively, which indicates that the average duration of clock jump is more at P10. This shows that P10, being 1.3 m further away than P9, had weaker signal coverage. Every time a person walks into the measurement environment, there is degradation in the quality of the streamed video, which demonstrates the presence of human shadowing. Similarly, the overall result for the other points in Location 3, i.e. P2, P3, P4, P5, P6, P7 and P8 is shown in Figure 6 where we can clearly observe that the average clock jump increases as the MT moves further away from AP1 with a slight deflection at P4 where a frequent number of clock jumps were observed even with no human traffic. Thus, it agrees with Varshney et al. [8] who have concluded in their paper that people cause shadowing of the wireless signal, leading to poor received quality. The measurement network was set up in Location 2 for studying the effect of Bluetooth interference and human traffic. The layout of Location 2 is shown in Figure 7 . The measurement points at Location 2 were identified as Q1 and Q2. It was quite difficult collecting data at Q2 because the MT often lost the Wi-Fi connection and had to come back to location Q1 to reconnect. The BT was placed in between AP1 and the MT. The BT was switched on and connected to the MT in the presence of human traffic during the measurement. The BT was then switched off and the separation between the MT and the BT, i.e. D tb was varied at 0.0 m, 0.3 m, 0.9 m, 1.5 m and 2.1 m for the measurement.
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Effect of Bluetooth Interference and Human Traffic
When the BT is switched on, there are many clock jumps during a 60 s set. Figure 8 shows that at a separation of 0.3 m from the MT, the BT seems to highly influence the quality of video with more clock jumps, with a mean clock jump of 3.2 s. When the distance of separation was increased to 0.9 m, there were still many clock jumps of 1 s throughout with an exception of a large clock jump of 20 s. At a separation of 1.5 m, there is a slightly higher clock jump than 1 s at few points bringing the mean clock jump to 2.6 s. As the separation is increased further to 2.1 m, the clock jump reduces with a mean clock jump of 1.7 s. 
Figure 8. Effect of BT-MT Separation on Video Quality
There is a clear comparison between the quality of the received video in the presence and absence of Bluetooth interference as well as at various separations of the BT from the MT. Although, the quality of video seems to be less affected by human traffic at this location since the signal strength is stronger being closer to AP1. The results show that the closer the BT is placed to the MT, the higher the clock jump, showing degradation in the quality of the streamed video, which is in agreement with the experimental results of Keller et al. [3] , which show a significant degradation in the performance of both the systems (Bluetooth and WLAN).
Human Shadowing Effect
Human shadowing is generally understood as the blockage of the radio propagation path for wireless communication. Obayashi et al. [4] have described that the propagation loss by body shadowing affects the received signal strength and Villanese et al. [9] have concluded that human shadowing is mainly caused by rays reflecting off a biological body, thus the combined effect of human traffic with a moving re-ceiver can strongly impair the quality of wireless communication system. The impact of fading in the quality of streamed video over 802.11b were measured in the presence of fading due to human traffic in different locations at varying distances from the access point. The measurements were taken in the three locations in the D level of Head Hall. The layout of Location 1, Location 3 and Location 4 is given in Figure 9 , Figure 3 and Figure 10 , respectively.
Impact on Video
The results of the data measured at all the three locations are discussed below:
The data collected shows that there are more clock jumps as the MT moves further away from the access point. The mean clock jump in this location is seen to increase with the increase in distance, as shown in Figure 11 , except at R5 when we observe that it has the highest average clock jump of 3 s because it was at this location when there were 8 people in the hallway for 152 s during the time of measurement. It is observed that the standard deviation also increases with the increase in distance with the highest, at point R6, of 3.4 which shows that there is higher variation in clock jumps at the MT as it moves further away from AP1 affecting the quality of live video streaming. There was human traffic during the time of measurement at points P2, P3, P4 and P5 but unfortunately, there was no human traffic at P6 and P9. Therefore, the results show a higher mean of clock jumps at P4 and P5 of values 9 s and 7.5 s respectively. Also, the median clock jump at P4 is the highest with a value of 5.5 s because there was a person walking through the hallway at the 239th, 274th and 299th s during the time of measurement. Figure 12 shows that the effect of distance and human traffic on the video quality is more as the MT moves further away from AP1.
• Location 4: In this environment, there were two large vending machines right next to the wall opposite to the Head Rest. As seen from the layout of this location in Figure 10 , points S1, S2 and S3 were behind the wall of the Head Rest and S4 and S5 were in the open area. This explains the large variation in the clock jumps in this location where the average clock jump in the first three points of measurement varied from 3 to 4.75 s and 1.2 to 1.3 s for the last two points. The results also show that there were higher variations of clock jumps in the first three points in the presence of human traffic as shown in Figure 13 which may be due to moving toward a reflected path.
The result for evaluation of human traffic effect on video quality is shown in Figure 14 where it demonstrates that with the increase in the number of human traffic in the environment, the higher is the value of average clock jump at that particular location. The larger value in the clock jump indicates that there is degradation in the quality of the video received at that location.
Average Received Signal Power
"As the RF wave travels through the environment, with walls, humans, animals and even the air, some of its energy will be lost because of absorption and other RF behaviors like reflection, refraction, diffraction and scattering" [2] . Thus the RF signal strength is said to decrease which indicates that the average received signal power decreases logarithmically with distance [6] .
The received signal power was measured at increasing distances from AP1 in Location 1 and Location 3 at all points shown in Figure 9 and Figure 3 , respectively. The average received signal power for all the above points of measurement is plotted in Figure 15 . For Location 1, the highest received signal power measured was -60 dBm and the lowest was -81 dBm measured at a distance of 13.4 m and 29.2 m, respectively as shown in Figure 15 . The highest received signal power measured at Location 3 was -66.3 dBm at 8 m and the lowest was -87.1 dBm at 21.9 m away from the access point.
From Figure 11 , we can see that there was significant human traffic in Location 1 and as the measurement was being taken, eight people walked through the hallway and were in the hallway for 152 s. At this particular time of measurement, larger clock jumps were observed in presence of eight people in the hallway. As a result, the average received signal strength at the MT is expected to be lower than the other points but there was an active Bluetooth user at the time of measurement. Otherwise, the received signal power decreases as the MT moves further away from the access point as shown in Figure 15 . The measurements were taken in every 5 minutes in the sets of 60 s for every point in each location. The measurements taken at P1 in Location 3 is summarized in Table 2 .
From Table 2 , we can observe that the Wi-Fi connection at P1 is lost due to human shadowing even though the BT was not switched on. If the BT was switched on next to the MT then it immediately lost Wi-Fi connection. When the BT was placed at a distance of 0.3 m away from the MT, the video streaming was affected more when the Bluetooth connection was being established. We can observe a few clock jumps during the file transfer between the BT and the MT which shows that the video streaming is being affected by the Bluetooth interference and soon after loses Wi-Fi connection. Similarly, when the BT was placed 3.3 m away from the MT, the Wi-Fi connection was lost shortly after the Bluetooth connection was established between the MT and the BT. But when the BT was placed at a distance of 8.8 m away from the MT, although Bluetooth interference affected the quality of streamed video, the MT was still connected to Wi-Fi with continuous video streaming.
Impact of Human Traffic on Bluetooth Performance
The measurement was taken during normal working hours in the presence of human traffic. The measurement network was set up at Q1 in Location 2 and readings were recorded in every 60 s for 30 minutes. The file transferred within the piconet was a JPEG image of size 29 kB and dimensions 240 by 320.
The result of the measurements taken at Q1 basically gives the file transfer time using Bluetooth in the presence of human traffic and is shown in Table 3 . From Table 3 , we can clearly observe that the file transmission time for the BT in the absence of human traffic is found to be around 9 to 11 s. Location 2 has a strong Wi-Fi signal, thus human traffic of one person or two people seems to have no effect on the Bluetooth device performance or the quality of video streaming across 802.11b. At one time, when the human traffic was 8 people, the time taken to transfer the file was 45 s. Thus, the file transmission seems to take a longer time in the presence of large amounts of human traffic, even in an area with strong signal strength. There was an interesting observation during the measurement, when 25 people walked through the corridor in a line during the file transfer via Bluetooth and the file could not be delivered to the MT.
Conclusion
The link performance of 802.11b was described during video streaming where it was shown that the video quality degraded as the MT was moved further away from AP1 discovering regions such as VCR and VLR. The impact of human shadowing effect was evaluated in a normal working environment and a statistical analysis was shown of the effect on video quality in the presence of human traffic in different locations with varying environmental conditions and varying distances from the access point. The collocation of a Bluetooth system with a WLAN system seems to impair the performance of both systems, especially when the master of the piconet is within the WLAN. It was observed that the Bluetooth performance was affected when there was a higher amount of human traffic. Also, the video quality was observed to degrade as the separation between the MT and BT was decreased.
In this research, continuous live video streaming could be received only within VCR and so as to improve the video quality, the range has to be increased further which could be done by following the suggestions:
1. Study the indoor environment properly before planning the placement of access points for good network coverage at all locations of the building. For example, an open area like the Head Rest could have an access point at that location instead of being placed in another room next to it with two large vending machines standing next to the common wall.
2. Add only enough access points to increase the weak signal strengths, in areas depending on their location and the density of users.
3. Plan to have users within the VCR for quality video streaming over 802.11b.
4. Improving the environment so as to mitigate Bluetooth interference and human shadowing effects. For example, readjusting the antennas on the raised ceilings and avoiding points above raised ceilings that may start emitting spurious radiation, or relocating large metallic objects obstructing the radio propagation path if possible, or using passive repeaters on walls for improving radio coverage over particular locations like the Head Rest or open spaces such as a library.
